Wide-angle observation and illumination for bimanual vitreous surgery by Thorsten Boker
一　843　一
J．　Tokyo　Med．　Univ．，　58　（6）　：　843A－848，　2000
Wide－angle　observation　and　illumination　for　bimanual　vitreous　surgery
　　　　　　　　　　　サロThorsten　BOKER，　M．D．
Associate　Professor　of　Ophthalmology，　University　of　Bonn，　Germany
　　　　　　　　　　　　Chairman　Prof．　Dr．　med．　Manfred　Spitznas
Abstract
　　Purpose：　To　improve　viewing　during　vitrectomy　and　to　enable　constant　true　bimanual　vitreous
surgery．
　　Introduction：　ln　order　to　minimize　iatrogenic　complications，　to　improve　surgical　success，　and　to
shorten　operation　time，　a　variety　of　vitreo－retinal　pathology　require　wide－angle　observation　and　the
option　to　perform　bimanual　dissection．
　　Results：　The　use　of　BIOM　（binocular　indirect　ophthalmomicroscope）　and　SDI　（stereoscopic　diago－
nal　inverter）　enable　in　a　contact　or　non－contact　mode　an　observation　field　of　up　to　12000　under　fluid，
air　or　silicone－oil．　This　wide　field　is　illuminated　by　MIS　（multiport　illumination　system）　while　freeing
both　hands　of　the　surgeon．
　　Conclusion：　The　devices　presented　enable　vitreous　surgery　under　wide－angle　conditions．　Therefore，
the　surgeon　can　perform　true　bimanual　surgery　in　the　vitreous　cavity，　is　independant　of　an　assistant，
shortens　the　operation　time　while　minimizing　the　rate　of　complications．
Introduction
　　During　the　1960’s，　Kasner　advocated　excision　of
damaged　or　diseased　vitreous　gel　using　scissors
and　forceps　or　cellulose　sponges　while　working
through　a　large　limbal　incission　or　a　corneal
wound，　the　open－sky　approachi）．　This　was　done　to
minimize　later　complications　in　eyes　with　severe
penetrating　injuries　or　vitreous　loss　during
cataract　surgery．　Kasner　was　able　to　demonstrate
that　the　eye　can　tolerate　excision　of　portions　of
the　vitreous　gel．　This　technique　was　also　used　in
a　few　cases　to　remove　the　opaque　vitreous　after
extraction　of　the　crsitalline　lens2）．　Machemer
pioneered　development　of　vitreous　surgery
through　a　pars　plana　approach　using　specialized
instruments　introduced　through　watertight
incisions3）．　rl”his　method　of　closed－eye　vitreous
surgery　minimized　damage　to　the　anterior　seg－
ment　and　m nimized　the　risk　of　the　procedure．
Machemer　and　his　coworkers　designed　the　first
clinical y effective　intrumentation　for　pars　plana
vitrectomy　a d　also　developed　the　fundamental
surgical　principles8NS）．　The　first　vitrectomy　devices
were　“fu11－function－probes”　such　as　the　Machemer
VISC　（Vitreous－lnfusion－Suction－Cutter），incorpo－
rating　infusion　system，　vitreous　suction，　vitreous
cutter and　illuminationgL　rVr’）．　This　device　required
a　pars　plana　incision　of　3．5　mm　for　safe　intro－
duction．　L ter　the　different　functions　were
divided　and　inserted　in　the　pars　plana　via　three
different　pars　plana　incisions6－v8）．
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Figure　1
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：　Observation　angel　with　a　planoconcave　contact　lens
：　Observation　angel　with　a　biconcave　contact　lens
：　Observation　angel　with　a　non－contact　BIOM　（90　D　lens）
：　Observation　angel　with　a　non－contact　BIOM　（super　pupil　lens）
The　Micromanipulator
　　To　improve　the　handling　of　the　fu11－function－
probes，　Spitznas　developed　a　motorized
teleguided　stereotactic　micromanipulator　for　vit－
reous　microsurgery9）．　This　device　was　never　used
on　a　broad　scale，　because　three　port　pars　plana
vitrectomy　was　easier　to　handle　and　had　other
advantages．　However，　the　micromanipulator　gave
rise　to　the　utilization　of　wide－angle　observation
systems．　While　common　contact　lens　systems
facilitate　an　observation　angle　of　up　to　400iON24），
wide－angle　contact　lenses　such　as　the　Rodenstock
Panfunduscope　were　available　and　featured　an
observation　field　of　up　to　1500．　The　main　disad－
vatage　of　wide－angle　contact　lenses　is　their　image
inversion．　With　the　micromanipulator　this　image
inversion　was　counteracted　by　electronically
switching　the　direction　of　all　movements．　There－
fore，　Spitznas　was　the　first　to　perform　vitrectomy
under　wide－angle　observation．
SDI－The　stereoscopic　diagonal　inverter
　　To　apply　this　wide－angle　observation　to　free－
handed　three　port　pars　plana　vitrectomy　Spitznas
and　Reiner　presented　an　stereoscopic　diagonal
invert r　（SDI）25）．　This　device　is　interposed　into
the optical　pa h　of　the　microscope．　By　the　opti－
cally　re－inversion　of　the　image，　wide－angle　obser－
v tion　is　made　possible　for　vitrectomy．　This　obser－
vation mod lity　is　little　influenced　by　a　small　pupil
siz ，　corneal　scars　or　lens　opacities．　However，　cer－
tain　disadvantages　of　wide－angle　contact　lens　sys－
tems　remain． The　surgeon　needs　a　good　assistant
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：　schematic　drawing　of　the　BIOM　out　of　focus　（OPMI　’　operation　microscope）
：　focussing　after　changing　the　distance　from　the　ophthalmoscope　lens　to　the　microscope
：　photograph　of　microsccpe　with　BIOM　and　SDI　in　place
to　keep　the　contact　lens　centered．　Positioning　is
very　difficult，　whenever　the　eye　is　moved．　The　lens
contact　to　the　cornea　can　cause　damage　especially
in　the　diabetic　patient．　The　cornea　contact　lens
interface　is　easily　contaminated　by　blood．
BIOM－The　binocular　indirect
ophthalmomicroscope
　　Therefore，　a　binocular　indirect　ophthalmomi－
croscope　（BIOM）　was　developed　for　non－contact
wide－angle　vitreous　surgery26）．　Due　to　its　image
inverting　properties　it　can　only　be　used　in　com－
bination　with　the　SDI．　The　BIOM　（fig．　2　right）
holds　an　ophthalmoscope　lens　telescopically　at　its
front　end．　Depending　upon　the　observation　angle
desired，　different　interchangeable　lenses　can　be
employed．　By　changing　the　distance　between　oph－
thalmoscope　lens　and　microscope　using　a　thread，
the　retinal　image　can　be　focussed　（fig．　3　left　8c
middle）．　The　microscope　focus　now　acts　as　an　iris
plane，　facilitating　a　wider　observation　angle　by
bringing　the　BIOM　closer　to　the　cornea．　The
working　distance　between　cornea　and　BIOM　oph－
thalmoscope　lens　depends　on　the　refractive　power
of　that　lens　and　ranges　from　8　to　15　mm．　Advan一
tages　of　the　BIOM　are　the　protection　of　the
co ea　by the　lack　of　corneal　contact．　Therefore，
no　assistant　is　required．　The　BIOM　is　in　a　per－
manently　stable　position　and　allows　a　free　mobil－
ity　of　the　eye．　There　is　little　risk　of　contamination
of　the　ophthalmoscope　lens　by　blood　or　fluid．
This　wide－angle　observation　modality　is　little
influenced　by　a　small　pupil　size，　corneal　scars　or
lens　opacities．　The　different　observation　fields　of
varioius　contact　lenses　and　the　BIOM　with　differ－
ent　ophthalmoscope　lenses　are　shown　in　figure　1．
　 Mter　initially　slow　acceptance，　today　various
clones　of　t e　original　BIOM　／　SDI　have　been　pro－
posed．　Co．mbin ion 　of　wide－angle　contact　lenses
with　image　inversion　or　other　non－contact　designs
hav b en　offered．
Illumination
　W th panoramic　wide－field　observation　avail－
able， it　became　evident　that　common　illumination
de ices　did　not　provide　sufficient　illumination
（fig．　2　right）．　ln　addition，　these　hand　held　light
fibers　make　the　surgeon　practically　single　handed．
One　hand　 s　always　occupied　holding　the　fiber
optic　in　place．　With　modem　wide－angle　illumina一
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Figure　3
　Left
　Middle
　Right
：　light　fiber　optic　allows　limited　illumination　and　only　one　active　hand
：　total　view　illumination　fiber　allows　sufficient　wide－angle　illumination　but　only　one　active　hand
：　MIS　allows　sufficient　wide－angel　illumination　adn　bi－manua；　surgery
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Figure　4
　Left
　　　　Sint綱瞭「．
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：　three　different　MIS－devices．　From　left　to　right：
　　　　　MIS　by　Storz　（not　available　any　more）
　　　　　MIS　by　lnsight　lnstruments
　　　　　MIS　by　DORC
：intraoperative　situation　with　infusion　canula　and　two　MIS　ports　in　place
）
Right
tion　fibers，　Ntotal　viewi　fibers，　illumination
improved．　However，　the　problem　of　one－handed
surgery　remains．　ln　addition，　these　panoramic
illumination　devices　cause　glare　in　the　gas－filled
phacic　eye．　llluminated　instruments，　additional
light　sources　via　a　fourth　pars　plana　incision　or
infusion　canulas　with　insertable　light　fibers　have
also　been　tried．　However，　several　shortcommings
remained．　Therefore，　Koch，　Pawlowski，　and　Spitz－
nas　designed　a　pars　plana　canula　system　with　inte－
grated　light　fibers27）．
MIS－The　multiport　illumination　system
　　This　multiport　illumination　system　（MIS）　for
panoramic　bi－manual　vitreous　surgery　provides
xcellent　 llumi ation．　that　follows　all　movement　　　　　　　　　　　　　　　　　　　’
of　the　instrum nts．　Due　to　the　fixation　of　the
canulas in　the　pars　plana，　this　region　is　protected
against　iatrogenic　tears　and　ora　dialysis，　a　prob－
lem　of　concern　since　the　beginning　of　pars　plana
vitrectomy28N80）．　Another　concern　was　the　neces－
saryly　larger　pars　plana　incision．　Studies　of　the
incidence　 f　par 　plana　related　complications　or
of　the　appearance　of　the　healing　pars　plana　entry
ite　by　ultrasound　biomicroscopySi・　32）　did　not
reveal　any　negative　findings　with　the　use　of　MIS．
Finally　the　question　was　raised　whether　the　con－
stant　illumination　might　cause　damage　by　light
toxicity．　This　concern　was　ruled　out　in
a　study　performed　by　Koch　et　al．，　measuring　the
（4）
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Figure　5
1ntraoperative　situations　（video　capture）　with　non－contact　observation　by　BIOM／SDI：
　Left　：regular　fiber　optic　illumination－batterd　child　syndrome
　Mlddle　：MIS　illumination　adn　bimanual　surgery．diabetic　retinopathy
　Right　：MIS　illumination　adn　bimanual　surgery’diabetic　retinopathy
light　intensity，　irridiance　and　spectral　properties
by　MIS　and　other　light　sources33）．　With　gaining
acceptance，　different　MIS　designs　were　produced．
Currently　only　the　design　by　lnsight　lnstruments
and　DORC　are　available．　Both　have　certain　advan－
tages．　The　lnsight　lnstruments　device　is　intended
for　single　use　and　has　an　self　sealing　entry　site．
This　can　cause　some　friction　on　the　inserted
instrument　and　needs　are　larger　outer　portion
that　may　interfere　with　mobility．　However，　most
surgeons　using　this　device　have　no　complaints．
The　DORC　device　is　made　of　stainless　steel．　The
single　MIS　strands　can　be　hooked　up　sperately　to
the　light　source．　Therefore，　even　single　strands
can　be　exchanged　in　case　of　damage．　The　outer
portion　of　this　decvice　measures　less　than　4　mm．
The　entry　site　is　concave，　thus　facilitating　easy
introduction　of　instruments．　The　device　is　sealed
with　plugs　that　need　to　be　removed　prior　to　inser－
tion　of　any　instruments．　lnsertion　and　movement
of　instruments　inside　the　tube　is　smooth　and　easy．
Both　devices　have　been　in　use　extensively．　Ana－
lyzing　operating　room　costs，　Grizzard　stated　that
the　use　of　BIOM，　SDI　and　MIS　shortens　opera－
tion　time　to　such　an　extend，　that　he　would　not
be　surprised，　if　hospitals　in　the　future　would
require　the　use　of　these　devices　in　order　to
decrease　costs．
Conclusion
　　With　BIOM，　SDI　and　MIS　all　requirements　for
wide－angle　observation，　illumination　and　true，
constant　bi－manual　surgery　are　met．　The　surgeon
does　not　need　an　assistant，　operation　time　is
shortened，　the　r sk　of　complications　is　minimized
and complicated　cases　with　severe　vitreoretinal
pathology　are　 asier　to　handle．　The　conversion
to　bi－ma ual　surgery　even　for　the　experie’nced
surgeo n　requires　practice，　but　the　advantages
just fy this　trainig　period．
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